T HERHYTHMICACTIVITY of thestomach is associated with action potentials which are similar to those of other visceral muscles, including the heart (I). In the work reported here, these potentials were further analyzed by recording monophasic potentials and by leading off separately from longitudinal and circular muscles. Also the action of some drugs was investigated.
The fact that monophasic potentials can be recorded is significant in itself, because it confirms the assumption that the smooth muscle of the stomach is a single muscular unit. Because several recent investigators have questioned the unitary character of visceral smooth muscles, some of the arguments for this assumption will be discussed.
PROCEDURES

Dogs anesthetized
with sodium pentobarbital were used in most experiments.
Diphasic potentials were recorded with differential electrodes similar to those previously described (I). Monophasic potentials were obtained by the method introduced by Schiitz (2) for the heart. A small part of the stomach (about IO mm2) was sucked into a glass tube and then firmly tied off by a string. Leads were placed on this region and on an intact region located transversely to the first, so that each peristaltic wave reached both at the same time. Potentials were recorded by means of a d.c. amplifier and a mechanical recorder writing on smoked paper or with ink (Edin Co.). The experiments were carried out in a warm and humidified room.
RESULTS
Description of Potentials. As shown previously (I), diphasic potentials of the dog's stomach obtained with closely adjacent leads have a large, but brief, R-wave and a slow T-wave. By integration of this curve the shape of the monophasic potentials can be derived. This method involves the assumption that conduction between the leads is uniform with respect to speed and intensity and that the distance between the leads is small as com-pared with the length of the active region. Although these assumptions undoubtedly are not accurately fulfilled, the monophasic potentials recorded by the method described above agreed with those previously derived from differential potentials. They showed a sharp spike followed by a plateau. Occasionally also the potentials began with two large spikes ( fig. I ). The potentials just described were obtained only from the caudal half of the stomach. Those from the anterior part merely showed smooth waves synchronous with the peristaltic waves, probably because in this region of the stomach the speed of conduction is very slow.
For recording potentials from the longitudinal fibers alone, a strip of this muscle layer was separated from the underlying tissue by blunt dissection. A thin sheet of celluloid was placed under the strip. For recording from circular muscle, the layer of longitudinal muscle was removed in a small area. Each layer by itself gave the same diphasic potentials as the intact stomach. They were strongest with electrodes arranged longitudinally, absent transversely. That this was true also for circular muscle is significant because it indicates that in this layer waves of contraction are conducted at right angle to the direction of the fibers.
Effect of Drugs. If the contractions of the stomach were strongly increased by pilocarpine or diminished by atropine or moderate doses of adrenaline, to the extent that they became invisible, the shape and frequency of the action potentials remained essentially unchanged. High concentrations of adrenaline, however, shortened the R-T interval of the diphasic potentials as reported previously (I) . The monophasic potentials were reduced to a brief spike ( fig. 2 ). High concentrations of the drug in addition caused a striking change in the rhythm of the activity of the stomach. A single intravenous irijection first produced a prolonged pause, after which the frequency of discharge was much greater than normally. One or more short bursts of spikes appeared.
Later the duration of each impulse and the interval between impulses increased gradually as the effect of the drug disappeared.
To determine the origin of the fast, and often irregular, rhythm produced by adrenaline, potentials were recorded in some experiments simultaneously from two regions separated about I cm longitudinally.
In contrast to normal activity, there was no regular interval between the impulses recorded at the two regions ( fig. 3) . Evidently, therefore, impulses arose under these conditions independently in different regions and were conducted only for short distances. This rapid and often irregular activity of the stomach perhaps can be compared to the fibrillation of the heart.
The observations just described suggest that adrenaline has two distinct effects on the stomach, a diminution in excitability resulting in impairment of conduction, and an excitatory action indicated by the rapid initiation of im- ,pulses. Such a dual effect of adrenaline has been observed previously also in other visceral muscles. In the uterus, for instance, adrenaline frequently produces a diphasic response, inhibition followed by an increase in mechanical activity (3) . Also in the intestine, adrenaline, while usually decreasing mechanical activity, increases the rate of rhythmic activity (3) and sometimes even causes an appreciable increase in motility (4) (5) (6) .
A unifying concept which accounts for these complicated results has been derived from observations on uterine muscle and intestine (3, 4) . These studies have indicated that motility depends on two factors which can vary independently, the rate of initiation of impulses and excitability. Adrenaline always seems to increase the initiation of impulses, but it may also decrease excitability and the height of response. One or the other of these effects predominates in different muscles.
Nature of Potentials of Visceral Muscles. It has previously been emphasized (7-9) that the existence of diphasic and monophasic potentials in smooth muscles should not be taken for granted and that these potentials can be understood only on the assumption that the fibers are connected together so as to act as a syncytium. These and other arguments have been completely ignored by recent authors discussing this problem. Fischer (IO) and Ambache (II) strongly favor the assumption that conduction in smooth muscle is due to nervous elements. Vaughn Williams (12) considers the question unsolved. Prosser (13) claimed to have found a weak potential wave preceding the main potential in the ureter and some other smooth muscles. He maintains that the initial potential is due to nervous structures which are responsible for conduction.
The discussions of these authors contain the erroneous assumption that a wave of contraction gives the same action potential whether it involves a population of short, independent units activated in succession, or a muscle consisting of long parallel units. Because of the importance of the question it seems worthwhile to discuss it in greater detail than has been done previously. The arguments presented are pertinent also for cardiac muscle which gives essentially the same type of potentials, because its syncytial character has also been questioned recently by several investigators (14) (15) (16) ).
Some of the arguments against the syncytial character of cardiac muscle have already been critically reviewed by Schaefer (I 7).
In figure 4 a muscle M is assumed to consist of many fibers which are about 100 p long or less, as in most smooth muscles, but are considered to be independent units. Each fiber then produces a 'diphasic' action potential, because for this fiber all the others merely represent part of the conducting medium. Actually, in the simplest case where the impulse begins near one end of the fiber, the potential may be preceded by a positive phase because of volume conductor effects.
The action potentials produced by such a system during a wave of contraction may be constructed by simply adding up the contributions from all active elements. The shape of this potential depends on the duration of the membrane change. If it is brief, comparable to that in nerve and skeletal muscle, and if conduction proceeds from one to the other end in each fiber, the potential of a single unit consists of two or three phases which are very brief because conduction over one fiber is completed rapidly (within 0.02-0.05 sec. in the ureter). However, since the potentials in different fibers are out of phase, and since thousands of fibers are active at any one time, the potentials must be expected to cancel out practically completely, if recorded with widely separated leads. If the fibers were activated by nerve fibers, the wave of excitation would travel from the neuromyal junction in opposite directions. Cancellation then would be even more complete than under the conditions assumed above. Actually, large monophasic and diphasic potentials, essentially like those of nerve and skeletal muscle, were recorded ( fig.  4B I, 2,3) * If the surface membrane remains depolarized for a prolonged period, producing a plateau in the monophasic potential, as in cardiac and in most visceral smooth muscles, the simplest diphasic potential of a single unit has a brief R and a slow T wave ( fig. 4A I>. The potential produced by a large number of such units activated in succession and recorded with widely separated leads begins with a broad wave which takes its origin from the R wave and a smooth wave which arises from the T wave ( fig. 4A 3) . The interval between these waves, however, is not the normal R-T inter- val, but the conduction time between the electrodes. For reasons already mentioned, much more irregular and weaker potentials must be expected if nervous conduction is assumed. It should also be noted that transversely oriented fibers, which make up the bulk of visceral smooth muscles, and which are exclusively represented in the preparations of circular muscle described above, could not produce any potential changes at the electrodes under the conditions assumed.
In contrast to these theoretical expectations, potentials of visceral smooth muscles usually are very similar to those of cardiac muscle, showing R, S, and T waves (18) . With widely separated leads, large 'extrinsic' potentials were recorded while the impulse was between the leads ( fig. 4B 3, 6 ) like those described in nerves (19) .
Particularly interesting were the results if the distance between the leads was large in comparison with the width of the active region. The passage of the impulse under the second lead then produced a potential change which had the same height and shape as the monophasic action potential ( fig. 4B, 3, 6 ). Such a result would be expected theoretically in a single nerve or muscle fiber, but could not be explained in a muscle such as was postulated in figure 4 . It is evident from these observations that the diphasic potentials of visceral muscles cannot be interpreted as the sum total of the potentials produced by many small independent units. Similar arguments can be presented for monophasic action potentials. Supposing that in figure 4 the shaded area of a muscle is killed by crushing. The fact that one electrode is lying over this region is not sufficient to make the potential monophasic, because the dead fibers merely act as an extension of the electrode. Only those fibers at the border between B3 and Bg when they be explained on this basis and indica wh .ole muscle ac ts as a single unit.
te that the A decisive argument for the unitary character of visceral smooth muscle also is provided by the effects of electric current. In a muscle of the type illustrated in figure 4 electric current will produce opposite polarization on both ends of each fiber. The effect, therefore, should be uniform throughout the region of current flow. Actually, however, responses always originate at the cathode, whereas near the anode excitability is strongly depressed as shown in experiments on the ureter and uterus (20) .
Probably the main objection against the unitary character of visceral smooth muscles is the lack of a convincing demonstration of protoplasmic connections between muscle fibers. As has been pointed out before, however, it is possible that the fibers are separated by membranes which are not polarizable and, therefore, do not represent a barrier for the conduction of impulses (9).
SUMMARY
By leading off from a normal and an inactive region of the stomach, monophasic potentials like those previously predicted from diphasic potentials were obtained. They have a plateau like those of many other visceral muscles including the heart. Potentials of longitudinal and circular muscles were recorded separately. They did not differ from those of the intact stomach. Drugs which strongly increased or decreased the strength of peristaltic contractions have almost no effect on potentials. However, adrenaline in high concentrations shortened or abolished the plateau of the monophasic action potential and produced rapid bursts of discharges. By leading off from two regions iat the same time, it was shown that these bursts arose independently in different regions of the stomach and were not conducted over long distances. The action potentials of the stomach and of other visceral muscles are like those expected from a single muscular unit. They cannot be explained on the assumption that waves of contraction are produced by a large number of independent fibers activated in succession. Action potentials produced by such a system were constructed theoretically and compared with those actually recorded.
